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The iron-sulphur proteins known as ferredoxins play a major role in plant and bacterial photosynthesis (see, e.g., Buchanan & Arnon, 1970) . They are small proteins usually with molecular weights of approx. 6000 or 11 000, possessing iron and labile sulphide in equimolar amounts of 2,4 or 8 per molecule, depending on the source. They exhibit characteristic visible-and u.v.-absorption spectra, have negative redox potentials and a characteristic electron-paramagnetic-resonance signal in the reduced state (Hall et al., 1973) .
Ferredoxins from blue-green bacteria appear to be of the type characteristic of higher plants; they are of molecular weight 11 000, contain two atoms each of iron and labile sulphide, and accept one electron on reduction. Since blue-green bacteria represent an intermediate stage in evolution between the anaerobic photosynthetic bacteria and green plants, study of their ferredoxins might give some insight into the biochemical evolution of photosynthesis. The properties of the ferredoxins from a number of blue-green bacteria have been summarized elsewhere (Andrew et al., 1975) , and at the present meeting (Hall et al., 1975) .
A few blue-green bacteria such as Aphanocapsa 6714, Chlorogloeopsis (Chlorogloea) fritschiiand Nostoc strain MAC are capable both of growth autotrophically in light and heterotrophically in the dark (Fay, 1965; Hoare et al., 1971; Rippka, 1972) . The ferredoxins present in cells grown under these different conditions are being isolated in our laboratory and their properties studied. The present communication reports a study of the ferredoxins from Nostoc strain MAC, a filamentous blue-green bacterium of the order Nostocales, originalIy isolated from negatively geotrophic coralloid roots of the cycad Macrozamia lucida L. Johnson (Bowyer & Skerman, 1968) .
Light-grown or dark-grown Nostoc strain MAC cells (Hoare et al., 1971) in quantities of approx. 140g were harvested and acetone-dried powders (approx. 30g yield) were prepared. Purification of the ferredoxin after extraction of soluble protein was by a sequence involving treatment with deoxyribonuclease and ribonuclease to degrade polynucleotides, removal of protein precipitated by 40 % saturation with (NH&S04, and adsorption on a DEAE-cellulose column and elution by a continuous C1-gradient. An unexpected finding was that both light-grown and dark-grown Nostoc strain MAC produces two types of ferredoxin, designated type 1 and type 11, in approximate ratio 5 : 1, separable by DEAE-cellulose chromatography. These ferredoxins were separately concentrated by DEAE-cellulose chromatography, being obtained in yields of approx. 20mg of type I ferredoxin and 4mg of type I1 ferredoxin. Some of the properties of the VOl. 3 3IOCHEMICAL. SOCIETY TRANSAmIOhIS ferredoxins were investigated by experimental procedures detailed elsewhere (Andrew et af., 1975) , unless otherwise indicated.
The visible-and u.v.-absorption spectra of type I ferredoxin showed absorption maxima at 270, (282), 332,423 and 465nm; the relative absorbances for the main peaks were typically 1 .OO, 0.64,0.52 and 0.50 respectively. For the type I1 ferredoxin the visibleabsorption spectrum showed the same maxima, but the U.V. absorption was at lower wavelengths, presumably indicating that the preparation had not been entirely freed from nucleic acid. However, deoxyribonuclease and ribonuclease treatment, and further purification by chromatography on Sephadex G-100 and hydroxyapatite columns, did not significantly improve the &6&70 ratio. Both types of ferredoxin were obtained in a high state of purity, as shown by conventional polyacrylamide-gel electrophoresis at pH7.4. On 15 % gels both type I and type I1 ferredoxins migrated as reddish-brown bands, the ratio of the distance moved to that of the anion front being 0.75. A single band was visible in the corresponding position after staining with Amido Black.
In isoelectric-focusing studies over the pH range 3.5-10.0 in 5 % polyacrylamide gels a mixture of the type I and type I1 ferredoxins, applied at the origin, migrated separately, though they concentrated as a single well-defined reddish-brown band at approx. PI 3.3. At this equilibrium position the ferredoxins quickly became decolorized. Staining with Amido Black confirmed the homogeneity of the individual ferredoxins when these were separately studied, although in some preparations of both type I and type I1 ferredoxins a faint band at approx. pI3.8 was also present.
The isolated ferredoxins were biologically active as measured by ability to catalyse NADP+ photoreduction in barley chloroplasts depleted of native ferredoxin, a rate of 55pmol of NADP+ reduced/h per mg of chlorophyll being obtained for the type I ferredoxin in a standard assay (Delaney & Rogers, 1973) .
Analysis of the type I and type I1 ferredoxins for iron and labile sulphide showed both to possess 2Fe and 2 labile sulphide per molecule, in common with ferredoxins of. other bluegreen bacteria. On titration withp-hydroxymercuribenzoate (Boyer, 1954) 9mol of reagent reacted with each mol of type I or type I1 ferredoxin, showing a total of five cysteine residues, since the 2 labile sulphide groups each react with 2molecules of reagent. Titration with 5,5'-dithiobis-(2-nitrobenzoic acid) (Chung et al., 1971) in the presence of 5M-guanidine hydrochloride resulted in 1 mol of reagent reacting per mol of type I or type I1 ferredoxin, suggesting that one free cysteine residue occurs in the ferredoxins in addition to the four in the active site, which appear to be unreactive with this reagent. Significant differences between the type I and type I1 ferredoxins were, however, evident in amino acid composition, although in common with all ferredoxins there is a preponderance of acidic over basic residues in both types. The composition of the type I ferredoxin, from four analyses on different samples, was determined as (Lys5,His1,Argl,-Asxl3,Thrlo,Ser6,G~x12~~3,Pro3,G~y6,Ala6,Cys~,Va~~,Meto,l~e6,Leu~,T~5,Phel) In contrast, the composition of the type TI ferredoxin, based on the same number of analyses, was (Ly~~,Hi~~,Arg~,Asx~~,Thr~~~,Ser~,Glx~~,Pro~,GIy~,Ala~~~~,Cys~,V Leu,+,,Tyr3,Phe3). In neither case was tryptophan determined; however, it has not yet been reported in a ferredoxin from a blue-green bacterium. These totals of close to 95 amino acids, with 2Fe+2S, gives minimum molecular weights of approx. 10500, in good agreement with values of approx. 11 500 for both ferredoxins calculated from meniscusdepletion sedimentation-equilibrium experiments in the analytical ultracentrifuge.
Although two extractable ferredoxins have been reported for Azotobacter vinelandii (Yoch &Amon, 1972) , Bacilluspolymyxa (Stombaugh et al., 1973; Yach, 1973) and the photosynthetic bacterium Rhodospirillum rubrum (Shanmugam et al., 1972) , this is the fist report of the isolation of two ferredoxins from a blue-green bacterium.
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